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Abstract 
The building was built in the late 90s, had a solar installation of 200 m2 with 4 tanks of DHW and the support of diesel boilers 
and district heating. After 16 years 25% of the solar collectors are damaged, and some of the storage tanks have rust and lime 
with leaking. A new design and retrofit is needed to improve the existing installation. New advanced systems are being designed 
in different phases. The first phase consists of installing new collectors and combisystems tanks. If we add the pool to the system, 
it is further possible to improve the water management of the building. During this first phase 25% of the solar field will be 
added with higher efficiency collectors. The estimated energy savings are 14% and the cost savings will be near to 30%. 
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Nomenclature 
CHP       Combined Heat and Power 
COP Coefficient Operating Performance 
DH&C   District Heating and Cooling 
DHW Domestic Hot Water 
ST Solar Thermal 
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1. Introduction 
The building is situated on the campus of the University of the Balearic Islands (UIB) in Palma de Mallorca. It 
was built in the late 90s. It has an acclimatized Olympic swimming pool, gymnasium and some sports fields 
(football, badminton, tennis, basketball etc.). Initially, a solar installation of 200 m2 with 2 tanks of DHW with 8 m3 
in serial and 2 tanks of 5 m3 with the support of diesel boilers was designed. Nevertheless, during the following 
decade this system was modified. A heat exchanger that is connected to a District Heating (DH) system from 
Technological park “Parc Bit” (from a CHP with solar and Biomass) was added. This utility is comprised of a tri-
generation plant of 2,9 MW electrical power and a thermal production of 6210 kW from the generators. The utility 
consist of;  two Diesel engines, a solar thermal installation with low temperature collectors of 864 m2 and two 
lithium bromide absorption chillers, one of 1.318 MW with a COP=0,64 and the other of 436 kW with a COP=0,64, 
both of them of simple effect. The thermal energy is distributed by district heating and cooling networks to the 
buildings around the plant and to the UIB. A big amount of the energy of this DH&C is free of CO2 emission [8]. 
This DH provides 78% of the thermal energy demand of the sport center, the rest is coming from the old diesel 
boilers and the solar collectors. Sports and pool centers have high thermal energy demands [2]. In our case 20% are 
due to DHW and the rest is for space heating ( sport hall, reception, fitness,…) and pool heating.   
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Fig. 1. Existing panels (a) and efficiency curve of the panel (b). 
The solar collectors are 16 years old. Now 25% (50 m2) are damaged which is mainly due to: aging, rust, thermal 
shock (they are full with normal water) and some accidental/environmental influences. The storage tank has become 
older, and two of them are leaking. In addition, the design of the initial project wasn’t optimal. Self-shadowing 
between the two collector rows could be observed during winter time. To avoid shadowing, one collector row will be 
relocated. The field size of 200 m2 was originally designed for 400 people, however, more than 1000 people visit the 
gymnasium every day - more surface is therefore needed. The solar fraction is less than 40% of the DHW demand. A 
higher fraction (up to 60%) would be desirable from the technical, environment and economical point of view. This 
way, the project could also benefit more from national subsidies (70% for DHW and 60% for the pool) [7]. 
 
A new design and retrofit is needed to improve the current installation and have high energy conservation [2]. 
New advanced systems [2] are being designed in different phases. The first one will be described in this paper. 
2. New storage  
The four tanks for DHW are very old and with an old design. It employs 4 pumps and 2 heat exchangers. The 
new proposed system is simpler. Different combinations and different sizes and models have been simulated before 
installation. The storage tank has to be sized determined depending on the respective requirements [5]. Only DHW 
was taken into account. Finally, it was decided to install two new storage systems, integrating the solar storage with 
the auxiliary storage in the same tanks without secondary loop and thereby reducing pumping and heat exchanger 
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costs. A solar system has been simulated including a multifunctional stratified tank made of steel for hot-water 
operation and domestic hot water preparation. This tank has a stratified solar charging via an external spherical 
exchanger. They have double integrated corrugated stainless-steel pipes in which the water is heated by using the 
hygienic continuous heating process [6]. Different combinations have been simulated in TRNSYS: In parallel, in 
serial, and with different sizes. As a result of this study the existing storage of 4 tanks in serial ( 2x2,5+2x4 m3) and 
14m3 should be replaced by two tanks in parallel of 2x3 m3 with higher insulation (from 50 mm to 100 mm). 
 
                                                                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Schematic old system;  
Fib 2 (b) Old storage tank, heat exchanger and thermography. 
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Fig. 3.Simulated Storage system with TRNSYS . 
The model will be improved in the future, adding the pool and the space heating (sports hall, reception, fitness, 
gymnasium etc.). This will be added in the same tanks.  
3. New energy system and heat recovery 
The solar field will be modified by adding glycol to the heat transfer fluid. The Solar fraction will increase with 
new collectors, with higher efficiency and advanced materials. New solar collectors will be installed. In the first 
phase it will be about 50 m2 with higher efficiency and better insulation. The efficiency formula is;  
ST Collector Efficiency Ș = 0,807 - 3,075(Tm-Ta)/G – 0,022((Tm-Ta)/G)2 (1) [6] 
For the considered model mentioned above the solar thermal energy has priority among of other renewable 
energy sources, and reduces the overheating in the solar panels.  
A Heat Recovery in the system has been designed with a Heat Pump. The swimming pool has 1500 m3 of warm 
water (26ºC-28ºC). Every day about 1-4% of the volume are replaced by fresh water to keep the pool clean. This 
waste heat could be recovered by feeding the water back into the system [3]. The water is not clean and will 
therefore only be used to flush the toilets after waste heat was extracted. This water will be used to increase the 
efficiency and reduce the energy costs and can lead to water savings of up to 15%. The water-water systems show 
elevated pumping power that reduces the overall efficiency. In this case we will reduce part of this pumping power 
to the flushing system of the toilets. The installed heat pump has a maximum heating power of 51,88 kW and a 
nominal COP of 4,02 for heating temperatures at the condenser from 40ºC-45ºC to 50ºC-55ºC, and evaporating from 
7ºC-12ºC to 13ºC-18ºC with a refrigerant R-410A. 
The system has an outdated control system with a Programmable Logic Controller, design from a local company. 
It’s still working after 16 years, but new sensors have to be installed. The webserver and some control parameter will 
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be improved in order to have smart control base with weather conditions and historical demand based on using new 
models [8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Fig. 4. New proposed system. 
 
 
 
 
 
 
 
 
Fig. 5. (a) New storage tank[6]; (b), thermography of the new system. 
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4. Simulation and real data 
The old and the new system have been analyzed to determine the best configuration of the system. This 
simulation has been validated with the real energy consumption, from the point when the new components were 
installed. The current system has been simulated by the replacing the former collectors with new ones. 
              Table 1. Simulated and real data of the system in kWh. 
Month 
DH 
(kWh) 
Diesel 
(kWh) 
DHW 
(kWh) 
Pool 
(kWh) 
ST 
(kWh) 
Actual 
Looses 
Savings. 
Phase 1 
Heat 
Pump 
Jan 138 070 67 590 34342 179294 11176 3201 20226 24800 
Feb 154 160 72 096 30193 204689 11450 2824 20215 23242 
Mar 131 790 40 554 31073 151407 13754 3619 23312 25732 
Apr 151 090 13 518 30392 145050 14191 3357 21752 23346 
May 150 720 0 24551 137457 14399 3110 20917 22516 
Jun 76 710 0 20111 68493 14855 2961 20162 21790 
Jul 26 340 0 25512 17160 17642 1310 18559 19299 
Aug 25 700 0 12863 25160 14978 2655 17501 19299 
Sep 39 970 0 21593 41096 15758 1395 17222 18677 
Oct 96 610 0 26355 81079 13343 2520 20554 22516 
Nov 139 990 19 402 26082 139994 9208 2523 20540 23346 
Dec 209 840 4 938 23297 190000 9476 10957 24480 24124 
Year 1340990 218098 306363 1380878 160230 40433 245440 268688 
 
The estimated savings are about 245400 kWh/year, this means a saving of 23.000 €. The total investment of the 
new system it’s less than 60.000 €. In a few months it the solar field size will be scaled up to achieve a higher solar 
fraction (around 60% of the DHW demand). In the future, adding the pool to the system, could be increased the 
actual surface, according to the new criteria of the Spanish law for new installations [7].  
If this building has to adapt to the new Spanish law, only 280 m2 of ST collector's are needed for DHW. If we add 
the swimming pool, this could increase to around 400 m2 and we avoid to have overheating. However, for the 
moment such a field size is not needed, since the 78% of the energy is coming from a DH with low CO2 emissions. 
 
 
 
 
 
 
 
 
Fig. 6. Energy Demand for Hot Water and Solar Energy Production (actually 150 m2, with  200 m2 and with 280 m2). 
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With this first phase we will eliminate all the Diesel consumption and consequently save more than 30 tonnes of 
CO2 emissions. In the future the main objective will be make the Sport Center with Net Zero Energy Balance, 
according to the new european directives and spanish law. 
5. Conclusions 
The economic savings for this first phase will be around 14%, improving the control, storage and increasing the 
solar field with higher efficiency collectors and using a heat pump. The estimated pay-back will be less than three 
years, including the replacement of some old components. The environment impact will be as well very high with 30 
tons of CO2 emissions reduction. 
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